Pneumatic Ti re 


The present invention relates to a pneumatic tire, more 
particularly to a tread pattern suitable for 4WD vehicles which 
can improve mud traction and on-road noise performance. 

In recent years, 4WD vehicles have become popular as a 
town-use car and recreational vehicle, and there are a number of 
occasions for driving on paved roads as well as off roads such as 
muddy road. 

The pneumatic tires for use in this kind of vehicles are 
usually provided in the tread portion with relatively large-sized 
blocks divided by relatively wide tread grooves to achieve big 
traction under off-road conditions. Accordingly, such tires are 
very noisy when driving on paved roads. 

It is therefore, an object of the present invention to 
provide a pneumatic tire suitable for 4WD vehicles which can 
achieve a quiet ride on the paved roads as well as good off- road 
performance such as mud traction, without sacrificing other tire 
performance. 

According to the present invention, a pneumatic tire 
comprises 

a tread portion having tread edges, 

the tread portion provided with shoulder blocks in a row 
along each of the tread edges, 

the shoulder blocks in a row divided by a circumferential 
groove and first shoulder grooves and second shoulder grooves 
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alternating in the tire circumferential direction and each 
extending from the circumferential groove to the tread edge, 
wherein 

a circumferential width (wi_o) of the first shoulder groove 
at the tread edge is larger than a circumferential width (wso) of 
the second shoulder groove at the tread edge, 

the ratio (WLo/wso) of the circumferential width (wi_o) to 
the circumferential width (wso) is larger than a ratio (WLi/wsi) 
of a circumferential width (WLi) of the first shoulder groove to 
a circumferential width (wsi) of the second shoulder groove, each 
measured at the circumferential groove. 

An embodiment of the present invention will now be 
described in detail in conjunction with the accompanying drawings. 

Fig. 1 is a developed partial plan view of a pneumatic 
tire according to the present invention showing an example of the 
tread pattern thereof. 

Fig. 2 is an enlarged view of the tread pattern showing a 
part on one side of the tire equator. 

Fig. 3 is a sectional view taken along line A-A' in Fig. 2. 

Fig. 4 shows a tread pattern used as a comparative example 
in the undermentioned comparison tests. 

in this example, the pneumatic tire according to the 
present invention is a radial tire for 4WD vehicles which, as 
well known in the art, comprises a tread portion 2, a pair of 
axially spaced bead portions each with a bead core therein, a 
pair of sidewall portions extending between the tread edges E and 
the bead portions, a radial ply carcass extending between the 
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bead portions, and a tread reinforcing belt disposed radially 
outside the carcass in the tread portion 2. 

in the present invention, however, a semi radial structure and 
even a bias structure may be employed aside from the radial 
carcass structure. 

The tread portion 2 is anyway provided with tread grooves 
forming a tread pattern whose land ratio (ground contacting 
area/gross area of tread) is set in the range of from 0.60 to 
0.70, preferably 0.60 to 0.65, namely, it is a relatively small 
value well suited for off- road running as compared to that for 
the usual passenger car tires (summer tires). 

in this embodiment, further, the tread portion 2 is 
provided with a slightly curved convex profile in the tire 
meridian section (the radius of curvature is large), and the 
shoulder (the intersection of the tread portion 2 and sidewall 
portion) is rounded by a very small radius of curvature. 

The above-mentioned tread edges E are defined as the axial 
outermost edges of the ground contacting region of the tread 
surface under the undermentioned standard loaded condition. 
The standard loaded condition is that the tire mounted on a 
standard rim and inflated to its normal inflation pressure is 
loaded with its standard load. 

The standard rim is a rim specified in the standard with which 
the tire is required to comply, such as the "standard rim M in 
J ATM A, "Design Rim " in tra, "Measuring Rim" in etrto, etc. 
Similarly, the normal inflation pressure means the "maximum air 
pressure" in JATMA, the "maximum pressure" given in the "tire 

LOAD LIMITS AT VARIOUS COLD INFLATION PRESSURES" table in TRA, 
the "INFLATION PRESURE" in ETRTO, etc. 
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The standard load is the "maximum load capabi!ity2 in JATMA, the 
"maximum load" given in the "tire load limits at various cold 

INFLATION PRESSURES" table in TRA, "LOAD CAPACITY" in ETRTO, etc. 
if the tire is for passenger cars, the normal inflation pressure 
is 180 KPa, and the standard load is 88 % of the standard load. 
Further, the normally inflated unloaded condition is defined such 
that the tire is mounted on the standard rim and inflated to the 
normal inflation pressure, but loaded with no tire load. 
Hereinafter, various dimensions of the tire refer to those in the 
normally inflated unloaded condition of the tire, unless 
measuring conditions are specifically defined. 

The above-mentioned tread grooves forming the tread 
pattern includes four circumferential grooves and shoulder 
grooves. 

Figs.l and 2 show an example of the tread pattern, in 
this example, the four circumferential grooves are an axially 
inner groove 3 disposed on each side of the tire equator C, and 
an axially outer groove 4 disposed axially outward of each of the 
crown grooves 3, each extending continuously in the tire 
circumferential direction, in this embodiment, the axially inner 
groove 3 is axially innermost, and the axially outer groove 4 is 
axially outermost. 

The shoulder grooves 6 and 7 extend axially outwardly from 
the outer circumferential grooves 4 beyond the tread edges E, and 
the axially outer ends thereof are opened. 

Therefore, the shoulder part which is axially outside each outer 
circumferential groove 4 is divided into shoulder blocks B in a 
row along the tread edge E. 

The axially inner circumferential grooves 3 and axially 
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outer circumferential grooves 4 each have a zigzag configuration 
like a trapezoidal wave made up of straight segments Tl, T2, Kl 
and K2: axially inner segments Tl and axially outer segments T2 
alternating in the tire circumferential direction and extending 
substantially parallel with the tire equator C; and first oblique 
segments Kl and second oblique segments K2 each extending between 
the ci rcumferentially adjacent segments Tl and T2. 

Preferably, the inclination angles of the oblique segments 
Kl and K2 are set in the range of from 30 to 60 degrees with 
respect to the tire circumferential direction. The groove widths 
Gl and G2 of the inner groove 3 and outer groove 4, respectively, 
are set in the range of from 2.5 to 5.0 %, more preferably 2.8 to 
4.5 % of the tread width TW between the tread edges E under the 
above-mentioned normally inflated unloaded state. Further, the 
depths of the inner groove 3 and outer groove 4 are set in the 
range of from 9.0 to 12.0 mm, more preferably 9.0 to 11.0 mm, 
still more preferably 9.5 to 10.5 mm. as to the axial positions 
of the circumferential grooves 3 and 4 in this example, the 
center of the outer circumferential groove 4 is set in the range 
of from 22 to 30 % of the tread width TW from the tire equator C, 
and the center of the inner circumferential groove 3 is in the 
range of from 4 to 10 % of the tread width TW from the tire 
equator C. Here, the center means the center of amplitude of the 
oscillation of the groove. 

Since the axially outer circumferential grooves 4 
contribute to the mud performance greater than the axially inner 
circumferential grooves 3, it is desirable to make the gross 
volume of the outer grooves 4 larger than that of the inner 
grooves 3 by changing the grooves width and/or depth, for example, 
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such that the width Gl is set in a range of 2.8 to 3.3 % of the 
tread width TW, and the width G2 is set in a higher range of 3.5 
to 4.5 % of the tread width TW, without changing the groove 
depths. 

In this embodiment, as shown in Fig. 2, the shoulder groove 
6/7 is composed of: 

an axially inner portion 6a/7a extending axially outwardly from 
the intersecting point 6i/7i with the circumferential groove 4 
and having a substantially constant groove width; 
a middle portion 6c/7c extending towards one circumferential 
direction from the axially outer end of the axially inner portion 
6a/7a; and 

an axially outer portion 6b/7b extending axially outwardly from 
the end of the middle portion 6c/7c and having a variable width 
gradually increasing from the axially inside to the axially 
outside of the tire, whereby the groove has a crank shape. 
Therefor, the pumping noise conveyed from the circumferential 
groove 4 to the outside of the tread edge thorough the shoulder 
grooves can be effectively blocked by the resultant bent part S 
formed in the middle of the course. 

In order to improve the mud performance and noise, the 
center "line of the shoulder groove 6/7 in the inner portion 6a/7a 
and outer portion 6b/7b is preferably inclined at an angle in the 
range of from 5 to 30 degrees, more preferably 15 to 25 degrees 
with respect to the axial direction. 

The inner portion 6a and the inner portion 7a are straight and 
parallel with each other. The outer portion 6b and the outer 
portion 7b are slightly curved, and as shown in Fig. 2, the angle 
of the center line decreases gradually from the maximum value at 
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the middle portion 6c/7c to the minimum value at the tread edge E. 
In this example, the minimum value is about zero degree with 
respect to the tire axial direction, and the maximum value is 
substantially equal to the angle in the inner portion 6a/7a. 
The outer portion 6b and the outer portion 7b are almost parallel 
with each other. 

in connection with the widths of the shoulder grooves 6 
and 7, the mud performance is affected by the tread shoulder 
portion more than the tread crown portion, and it is effectual 
for improving the mud performance to increase the widths of the 
shoulder grooves 6 and 7. in view of the reduction of noise 
especially pumping noise, however, it is preferable that the 
shoulder grooves 6 and 7 are formed in narrower width. 
Therefore, the shoulder grooves are formed as being wider in the 
outer end than in the inner end. 

Preferably, the groove width WLi/wsi of the shoulder grooves 6/7 
at the intersecting point 6i/7i is set in the range of from 4.0 
to 12.0 %, more preferably 5.0 to 9.0 % of the tread width TW. 

At the position of the tread edges E, the circumferential 
width WLo of the shoulder groove 6 is larger than the 
circumferential width Wso of the shoulder groove 7, and 
the shoulder grooves 6 and shoulder grooves 7 alternate in the 
tire circumferential direction. Thereby, the so called pitch 
noise due to the shoulder grooves may be reduced because the 
frequency spectrum is dispersed into white noise. 

in the shoulder grooves 6, the groove width WLo at the 
tread edge E is set in the range of from 1.5 to 3.0 times, 
preferably 2.0 to 2.5 times the groove width WLi . In this 
example, WLo/WLi is about 2.3. 
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In the shoulder grooves 7, the circumferential width wso 
at the tread edge E is smaller than the circumferential width WLo 
but, in this embodiment, larger than the groove width wsi at the 
intersecting point 7i . The width WSo however, may be 
substantially equal to the width wsi. 

Further, in order to improve the mud performance and noise 
performance at the same time, the ratio (WLi/WSi) of the groove 
widths WLi and wsi at the intersecting points 6i and 7i is set 
smaller than the ratio (WLo/WSo) of the groove widths WLo and WSo 
at the tread edge E. 

if the ratio (WLo/WSo) is less than 1.10, it becomes 
difficult to improve both the mud performance and noise 
performance, if the ratio (WLo/WSo) exceeds 1.80, uneven wear 
is liable to occur in the tread portion. Therefore, the ratio 
(WLo/WSo) is set in the range of from 1.10 to 1.80, preferably 
1.30 to 1.60. 

If the (WLi/WSi) is less than 0.90, there is a weak 
tendency for the mud performance to deteriorate, if the ratio 
(WLi/WSi) exceeds 1.10, the noise performance is liable to peak 
out. Therefore, the ratio (WLi/WSi) is set in a range of from 
0.90 to 1.10, preferably 1.00 to 1.10. 

in the shoulder grooves 6 in this example, the middle 
portion 6c is disposed somewhat axially inwards of the midpoint 
of the axial distance LG between the intersecting point 6i and 
the tread edge E though the middle portion 7c is at the midpoint, 
whereby the percentage of the outer portion 6b is increased and 
the total groove volume increases to improve the mud performance. 
Such axial positional difference between the middle portions 6c 
and 7c helps to spread pattern noise into a wide frequency range 
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to change it into white nose. 

Further, it may be preferable for reducing the pattern nose to 
vary the circumferential lengths of the middle portions around 
the tire because the timing of ground contact and departure of 
the shoulder grooves is unsynchronized . Further, such a 
variation may serve to improve cornering performance on mud. 

in order to increase mud traction and braking performance 
on mud, the shoulder groove 6/7 is further provided with an 
axially outward extension as a part 6d/7d extending from the 
tread edge E into the sidewall shoulder region, defining a 
buttress region 10. The extension part 7d extends radially 
inwardly while continuously decreasing its width and then 
terminates at a certain distance from the tread edge E. 
The extension part 6d extends radially inwardly while 
continuously increasing its width. Then it is bent towards one 
circumferential direction and extends towards the adjacent 
extension part 7d and terminated near and radially inside the end 
of the extension part 7d without connecting therewith. 

in the central part between the two axially inner 
circumferential grooves 3, the ground pressure becomes higher 
than the tread shoulder part under on-road conditions. Therefore, 
it is preferable that the central part is formed as a 
ci rcumferentially continuous rib 8. in this example, the central 
part is formed as a singe rib 8 disposed on the tire equator C. 
The central rib 8 may improve on-road grip, braking, noise and 
the like without affecting the mud performance. 

In the middle part between the axially innermost groove 3 
and outermost groove 4, a cross 12 between a continuous rib and a 
row of blocks, which is, as shown in Fig. 2, divided by a narrow 
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circumferential groove 13 extending continuously in the tire 
circumferential direction, steeply inclined grooves 14 extending 
from the groove 13 to the groove 3, and steeply inclined grooves 
15 extending from the groove 13 to the groove 4. 
When compared with the circumferential grooves 3 and 4, the 
narrow circumferential groove 13 is very narrow in width, but the 
depth is in the same order or slightly shallower. 
The steeply inclined grooves 14 and 15 are inclined at a large 
angle of 20 to 40 degrees with respect to the tire axial 
direction, and the widths are relatively wide and almost same as 
the width Wsi of the inner portion 7a, and the depths are the 
same as the inner portion 6a/7a. The axially inner grooves 14 
and axially outer grooves 15 are staggered about the narrow 
circumferential groove 13, while inclining toward one direction. 
As a result, the middle part (12) functions like a 
ci rcumferentially continuous rib on road but like a plurality of 
rows of blocks on mud. 

In order to reduce or adjust the rigidity of the tread 
elements (block, rib) and thereby to improve the mud traction, 
wet traction and resistance to uneven wear such as heel-and-toe 
wear on road, the tread elements are provided with cuts or narrow 
grooves 9 which are shallower than the shoulder grooves 14 and 15 
and circumferential grooves 3 and 4. Further, the notches 11 
extending from the circumferential grooves (esp. 3) are provided. 
The shoulder blocks B are provided with a T-shaped narrow groove 
9 extending axially inwardly from the tread edge E and branching 
out into two, one extending to the inner portion 7a of a shoulder 
groove 7, and the other extending to a notch 11 extending from 
the outermost circumferential groove 4, and 


10 


a L-shaped narrow groove 9 extending axially inwardly from the 
tread edge E and extending to the middle portion 7c of a shoulder 
groove 7. The axially outer blocks divided by the grooves 15 are 
also provided with L-shaped narrow grooves 9 although the axially 
inner blocks divided by the grooves 14 are almost not provided 
narrow grooves 9. The central rib 8 in this example is provided 
only the notches 11 which are staggered about the center line 
thereof (C) . 

To prevent uneven wear of the blocks especially shoulder 
blocks B, dent parts Ba of axially extending side walls of the 
blocks are preferably provided with additional circumferential 
support. In the concrete, as shown in Fig. 3, the angle 0 2 of the 
wall in the dent part is set to be 2 to 10 degrees larger than 
the angle 0 1 in the other part. Usually, the angle 0 1 is set in 
the range of less than 15 degrees with respect to the normal 
direction to the tread face, in Fig. 2, the dent parts Ba are the 
groove walls on the downside in the inner portions 6a and 7a and 
the groove walls on the upside in the outer portions 6b and 7b. 
Thus, these parts have larger angles than the respective opposite 
wal 1 s . 

in this embodiment, the tread pattern is a symmetrical bi- 
directional pattern. But, the tread pattern in this invention 
can be formed as an unsymmetrical unidirectional tread pattern. 

Comparison Tests 

Radial tires of size 275/65R17 115V (Rim size 17x833) 
having the same construction except for the tread patterns were 
made and tested for noise performance and mud performance. 
Ex. 1-8 tires had the same tread patterns as shown in Fig.l except 
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for the axially outer grooves whose specifications are given in 
Table 1. Ref. tire had a tread pattern shown in Fig. 4. 

(1) Noise performance test 

According to the "Test Procedure for Tire Noise" specified 
in Japanese JASO-C606, a test car (4700cc 4WD vehicle) provided 
on all the four wheels with test tires (pressure 200kPa) was 
coasted at a speed of 60 km/h in a straight asphalt test course, 
and the maximum noise sound level was measured with a microphone 
set at 1.2 meter height from the road surface and 7.5 meter 
sideways from the center line of the course. The test results 
are indicated by an index based on Ref. tire being 100, wherein 
the larger the index number, the lower the noise level. 

(2) Mud performance test 

Driving the test car on a mud test course, the test driver 
comprehensively evaluated the mud performance of the test tires 
based on the traction, breaking, cornering performance and the 
like. The results are indicated in Table 1 by an index based on 
Ref. tire being 100, wherein the larger the value, the better the 
mud performance. 


12 


Table 1 


Tire 

Rpf 

r\Cl. 

Fx 1 

LA. 1 

Ex 2 

Ex ^ 

Fx 4 

Fx 5 

L_A. vJ 

Fx fi 

Fx 7 

LA. f 

Fx ft 

Total volume of 










Shoulder grooves 
(Index) 

WLo (mm) 

100 
14.0 

100 
18 

90 
15 

90 
13.2 

90 
16.2 

90 
15 

90 
15 

90 
15 

90 
15 

WLi 

(mm) 

7.0 

6.5 

6.5 

6.5 

6.5 

6.2 

6.8 

6.5 

6.5 

WSo 

(mm) 

14. U 

IZ.U 

1U. 


y.u 

1U.U 

1U.U 

10.0 

10.0 

Wsi 

(mm) 

7.0 

6.5 

6.5 

6.5 

6.5 

A O 

6.8 

6.2 

6.5 

6.5 

WLo/Wso 


A A 

1.0 

1.5 

A C 

1.5 

A A 
1.1 

A O 

1.8 

1.5 

1.5 

A C 

1.5 

1.5 

WLi/Wsi 



1 n 

1 n 

1 n 

i .u 


0 Q 

i . i 

1 n 

I.U 

1 n 
I .u 

Bent part S 


provided 

provided 

provided 

provided 

provided 

provided 

provided 

not 
provided 

provided 

Narrow grooves 9 
on Shoulder blocks 

provided 

provided 

provided 

provided 

provided 

provided 

provided 

provided 

not 
provided 

Test results 











Mud 

(Index) 

100 

120 

105 

100 

110 

102 

108 

103 

100 

Noise 

(Index) 

100 

100 

115 

115 

105 

117 

114 

105 

115 
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